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(54) ENERGY ANALYZER OF THE COAXIAL CYLINDRICAL 

TYPE 



(71) We, HITACHI LIMITED, of 
1 — 5 — l Marunouchi, Chiyoda-ku, Tokyo, 
Japan, a body corporate organized accord- 
ing to the laws of Japan, do hereby declare 
5 the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment : — 

10 The present invention relates to energy 
analyzers of the coaxial cylindrical type, in 
which ultraviolet rays, X-rays, gamma rays, 
or similar rays are applied to a sample, and 
the energy of the charged particles, such as 

15 electrons and ions, emitted from the surface 
of the sample is analyzed. 

In a conventional energy analyzer consist- 
ing of an outer cylindrical electrode and an 
inner cylindrical electrode disposed coaxial to 

20 each other, a voltage is applied across said 
outer and inner electrodes, and the charged 
particles from the sample member are analyzed 
in the energy dispersion field located between 
said outer and inner electrodes. 

25 The charged particles, such as electrons 
and ions, are admitted into said energy dis- 
persion field (or energy analyzing field) 
through an incidence slit disposed on the axis 
of said electrodes and focussed into a beam 

30 with an acceptance angle of 2a through an 
angle-defining cylindrical slit disposed inside 
said inner cylindrical electrode. Then the 
beam enters said energy analyzing field 
through an axial gap in the wall of said 

35 inner electrode. The charged particles in the 
energy dispersion field are dispersed according 
to the magnitude of energy of the individual 
particles. The path of the charged particles 
in said dispersion field is a parabolic curve. 

40 The charged particles passing through said 
dispersion field enter a detecting slit, through 
another axial gap in the wall of said inner 
electrode, and thence reach the detector. 
Among the charged particles passed through 

45 the dispersion field and subjected to energy 
dispersion, only those having a certain specific 
energy and therefore a certain incidence angle 



0 O should be selected by the detecting slit 
and admitted into the detector. Hence the 
energy spectrum can be obtained when the 50 
strength of the energy dispersion field, i.e. the 
voltage applied across the inner and outer 
electrodes, is varied; or the energy of the 
charged particles, i.e. the voltage for acceler- 
ating the charged particles before entering 55 
the incidence slit, is varied; and the number 
of the charged particles reaching the detector 
is measured. 

In a conventional energy analyzer, however, 
the charged particles from the incidence slit 60 
are focussed into a beam with an acceptance 
angle of 2a and driven into the dispersion 
field, and as a result not only the charged 
particles having a specific energy but also those 
with an energy in the range corresponding 65 
to the incidence angle 0<>±<x reach the detec- 
tor, to cause an aberration. 

Such aberration, attributable to the accept- 
ance angie 2a of the incident beam, can be 
reduced by narrowing the angle-defining slit 70 
and thus decreasing the angle a. If this 
method is used, however, the number of the 
charged particles reaching the detector is re- 
duced, which results in a decrease in' the 
intensity of the beam. 75 

It is an object of the present invention to 
provide a coaxial cylindrical type energy 
analyzer operable at a high intensity. 

According to the present invention there 
is provided an energy analyzer for analyzing 80 
the energy of charged particles including an 
outer cylindrical electrode, an inner cylin- 
drical electrode coaxial with the outer elec- 
trode and having a first aperture for admit- 
ting the particles to the space between the 85 
electrodes from inside the inner electrode and 
a second aperture for re-admitting the par- 
ticles to the inside of the inner electrode from 
the space, means for applying a voltage be- 
tween the inner and outer electrodes, where- 90 
by the particles follow a curved path through 
the analyzer away from and then back to- 
wards the coaxis of the electrodes, a mem- 
ber having a cylindrical wall, said wall being 
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coaxial with the electrodes and being pro- 
vided with an incidence slit from which slit 
the particles emerge towards the first aperture, 
an angle-defining slit adjacent the first aper- 
5 ture adapted to adjust the trajectories of the 
charged particles admitted to said space and 
a detecting slit axially spaced from the in- 
cidence slit through which slit the particles 
pass from the second aperture in order to 
10 reach a detector. 

The present invention will now be des- 
cribed in greater detail by way of example 
with reference to the accompanying drawings, 
in which: — 
15 Figure 1 is a schematic diagram illustrating 
the principles of a conventional coaxial cylin- 
drical energy analyzer; 

Figure 2 is a schematic diagram illustrating 
on ^ e P^ciples of the present invention; 
20 Figure 3 is a diagram showing the accept- 
ance angle 2y of the beam measured in the 
plane perpendicular to the coaxis of the 
electrodes in the analyzer shown in Figure 
2; 

25 Figure 4 is a graphic representation show- 
ing the relation between the incidence angle 
# 0 necessary for the second order focussing 
and the intensity Ko of the dispersion field, 
• using a parameter 77 determined by the dia- 
30 meter of the detecting slit of Figure 2; 

Figure 5 is a diagram showing by a curve 
the intensity distribution over the diameter of 
the detecting slit, of the charged particles 
. reaching the detecting slit of Figure 2; 
35 Figure 6 is a diagram showing by a curve 
the relation between the number of the 
charged particles passed through the detecting 
slit of Figure 2 and the deviation of the 
particle energy from the normal value there- 
to of; 

Figure 7 is a contour diagram showing the 
intensity of the beam of an analyzer con- 
structed on the principles illustrated in Figure 
2, optimized under secondary focussing condi- 
45 tion; and 

Figures 8(a) and 8(b) are sectional dia- 
grams showing two preferred forms of energy 
analyzer. 

Referring tQ Fi S ure a cylindrical inner 
50 electrode 1 and a cylindrical outer electrode 
2 are disposed coaxial to each other, and a 
voltage V p is applied across the two elec- 
trodes 1 and 2 3 thereby forming a charged 
particle energy dispersion field 3 in the 
55 annular space between the inner and outer 
electrodes 1 and 2. An incident slit 5 of a 
circular shape with a diameter of 2e<x is 
disposed on the axis of the electrodes. Charged 
particles such as electrons and ions are 
60 emitted from a sample member (not shown) 
irradiated with ultraviolet rays, X-rays or 
similar rays. The charged particles are driven 
into the analyzer through the slit 5 and 
formed into a beam with an acceptance angle 
od of 2a after being passed through a cylindrical 



angle-defining slit 6 disposed annularly in- 
side the inner electrode 1. The beam is driven 
into the energy dispersion field 3 between the 
inner and outer electrodes 1 and 2 by way 
of a first axial gap in the wall of the inner 70, 
electrode 1. In the dispersion field 3 the 
charged particles are dispersed according to 
the magnitudes of their energy. After curving 
back towards the inner electrode 1, the 
charged particles re-enter thereinto through 75 
a second axial gap in the wall thereof, and 
then reach a detector 8 via a detecting slit 7 
disposed on the axis of the electrodes 1 and 

Among the charged particles passed through 80 
the energy dispersion field 3 and subjected 
to energy dispersion, those with a specific 
energy are selected by the detecting slit 7 
and delivered to the detector 8. Hence, by 
varying the field strength of the dispersion 85 
field 3, i.e. the voltage V p applied across 
the inner and outer electrodes 1 and 2, or 
by varying the voltage for accelerating the 
charged particles before entering the in- 
cidence slit 5 and thereby varying the charged 90 
particle energy eVe, and at the same time 
measuring the number of the charged particles 
reaching the detector 8, the energy spectrum 
can be obtained. 

In this case, the charged particles are driven 95 
into the dispersion field through the incid- 
ence slit 5 in the form of a beam with an 
acceptance angle of 2<x and, therefore, the 
actual trajectory of the charged particles 
deviates from a mean trajectory 9 of the 100 
charged particles with a specific energy and 
driven at the incidence angle $<» by an angle 
a from the incidence angle 0 O . The charged 
particles are driven into the dispersion field 
at an incidence angle e± €h and not only the 105 
charged particles having a specific energy but 
also those with an energy in the range corres- 
ponding to the incidence angle 0±ct reach 
the detector 8, to cause an aberration. 

Such aberration attributed to the accept- 110 
ance angle 2ct of the incident beam can be 
reduced by narrowing the angle-defining slit 
6 and decreasing the angle a. On the other 
hand, however, the number of the charged 
particles reaching the detector 8 is reduced 115 
to result in decrease in the intensity. 

It is to be assumed that the trajectory 9 
is that followed by charged particles having 
a kinetic energy E 0 (E 0 = eVe) and entering 
from an incidence point 10 on the axis of the 120 
incidence slit 5 into the energy dispersion 
neld 3 at an incidence angle 0 o measured in 
an axial plane of the electrode, and another 
trajectory is followed by other charged par- 
ticles having a kinetic energy E and driven 125 
into the energy dispersion field through the 
angle-defining slit 6. Then the deviation / 
between the two trajectories in the axial direc- 
tion at the detecting slit 7 is given in terms 
of expansion into power series as follows. 130 



3 



1,387,173 



3 



f=a(Dt+S + Ca 1 « + CQr 2 a 2 ; -fCa 3 « 3 + . . .) 

(1) 

where Ci is the aberration coefficient 

(i == OCi, OT 2 , « • • 3 72J - • • 3 <*72> • • •) 

D is the energy dispersivity 
5 E=Eo (1 + 0 

incident angle 0=0 o +« 



S will be defined below. 
The aberration coefficient Ci and the value 
of energy dispersivity D are determined from 

10 equation (1) when the incident angle is 0 O 
and the strength of the energy dispersion field 
is K^=Ve/Vp (log b/a) (where a is the 
radius of the inner cylindrical electrode 1, 
and b is the radius of the outer cylindrical 

15 electrode 2). When 0 O =42.3O7° and K«= 
1.0310, the first and second order aberration 
coefficients with respect to <x are both zero. 

In the prior art the incident slit 5 and the 
detecting slit 7 are disposed centering the axis 

20 of the cylindrical electrodes 1 and 2, and 
such incidence angle 0 o and analyzing field 
strength Ko as will satisfy as far as the second 



order focussing condition with respect to a 
are used. In this type of analyzer, because 
the charged particles are driven thereinto 25 
through the incident slit 5 on the axis and 
focussed at the detection slit 7 on the same 
axis, substantially sufficient intensity can 
hardly be realized. 

In Figure 2, a cylindrical incidence slit 30 
25 is formed by an axial gap in the wall of a 
cylindrical member 23, which has a diameter 
of 2ap t , and a cylindrical detecting slit 27 
is formed by an axial gap in the wall of a 
cylindrical member 24, which has a diameter 35 
of 2ap 2 . The cylindrical members 23 and 24 
are coaxial with an inner cylindrical elec- 
trode 21 and an outer cylindrical electrode 
22, across which electrodes a voltage Vp 
is applied, thereby forming the energy dis- 40 
persion field 3 in the annular space between 
said two electrodes. 

The incidence slit 25 and detecting slit 27 
are distant from the axis 4 of the electrodes 
21 and 22 and the members 23 and 24 by 45 
ap! and ap 2 respectively. The deviation / 
in the axial direction on the detecting slit 
27, between the trajectory 9 of the charged 
particles with a specific energy Eo, which par- 
ticles are emitted from a point 10 on the 50 
incidence slit 25, and a trajectory of another 
charged particle is expressed as 



f =a(Dt+S +Ca«z+ Ca^ + C* 3* 3 + Cy 2 y 2 + Caj^ay 2 ^ . . .) 



(2) 



where y represents half the acceptance angle 

55 of the beam measured in the plane perpen- 
dicular to the axis 4 and including the incid- 
ence point 10 on the incidence slit 25 of the 
standard trajectory 9, as shown in Figure 3, 
and S denotes the axial distance between the 

60 incidence point 10 of the standard trajectory 
on the incidence slit 25 and the incidence 
point of the other trajectory. 

In this case also, the aberration coefficient 
Ci and the value of energy dispersivity D as 

65 in Eq. (2) are determined according to the 
beam incidence angle 0 o and the dispersion 
field strength K^. 

When Cai=0 in equation (2), the rela- 
tion between the incidence angle 0 O and the 

70 field strength Ko which are to satisfy the first 
order focussing condition for a is determined. 
When the incident angle # c and the field 
strength are varied under the first order 
focussing condition, it is possible to make 

75 the second order aberration coefficient Ca 2 
zero (Gr 2 = 0) at specific values of 0 O and 
Ko even if the positions p t and p 2 of the 
incident slit and the detecting slit are arbit- 
rarily determined, or these positions are 

80 located at arbitrary distances from the axis. 
When the values of 0 o and Ko to satisfy the 
second order focussing condition are assumed 
to be OS and K 0 °, the relation between 



# 0 ° and Ko° against a parameter r\ will be 

as shown in Figure 4, where 85 



r\—\ ( Pl + p 2 ). 

2 

When the second order focussing condition 
is satisfied, the deviation / between the stan- 
dard trajectory and the other trajectory is 
expressed by equation (3) based on equa- 90 
tion (2), assuming that higher order terms 
are negligible (practically the deviation / is 
not appreciably affected by the higher order 
terms). 



f = a (Dt + S + Ca 3 a 3 + Cy 2 7 2 + Cory 2 ory 2 ) 

(3) 



95 



When the width of the incident slit 25 is 
2aS c , the charged particle acceptance angles 
measured respectively parallel and perpendicu- 
lar to the axis *+ are 2«o and 2y 0 , and the 
energy is E (E = Eo + the intensity 100 
distribution J (u, t) of the charged particles 
reaching the plane of the detecting slit is 
determined as shown in Figure 5. When the 
width of the detecting slit 27 is 2d ov the 
number of the charged particles passing 105 
through the detecting slit 27 is given as the 
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This relation is illustrated in Figure 6 In 
equation (4), u and do represent the values 
th^Sr from the actual length based on 
the radius a of the inner electrode. 

The resolving power of the analyzer is ex- 
pressed by the base width of the splctrauSe 
1(0, i.e, the width- ti~t u and the intensity 

Jine l(r) The resolving power A and the 
intensity L are expressed as 



d,=S 0 

n , 3 i 

Cy 2 y 2 = + DA 

17 16 



(10) 
(11) 



IT — - A« 0 
17 



(12) 



15 



A— do+/ max+/ min 
2 4 So do ao yo sin 0 O 



L=- 



D 



(5) 
(6) 



20 



25 



30 



7^™-l- maX an , d / 111111 are maximum 
and minimum values, respectively, of Eq. m 
when S « y are varied in the variable range 
ol ±J>o, ±oo and ±-yo which are deter- 
mined by the individual slits. 

The optimum values of So, do, «o and vo 
which determine the slit width and bean? 
acceptance angle are selected so that 
S P ower A is kept constant and the 
^tensity L is maximized. These optimum 
values are calculated as follows by Lagrange^ 
method of undetermined multipliers When 

>A=A-,uL 
(where ju: undetermined multiplier), 

W _ fy 



SSo Sdo Soro 



Byo 



-=0 



(7) 

From Eq. (7), each of the optimum values 
rng S eq U ationi. and 7 ° " by the follow " 



Ca 3 a 3 0 = — 



D 



1 + — Act,, 
2 



17 16 

1+ Ao 0 

17 



35 



Cory 2 



(8) 
(9) 



Note that the above calculations are based 
on the condition that 17SSI.O. aq 

The l optimum condition for maximizing 
the intensity L under the condition that the 
resolving power A is constant is given by 

2Sf°?i 8) 10 (12) - The double 8 si> g 
of p 2 equations depends on the sign 45 

In other words, the intensity L under the 
TtZT* ^tion depends on whether the 
detecting sht 1S located above or below the 
axis^with respect to the incident slit, or de- 50 
pends on the position of the detecting slit with 
Sh!K2 ^ C j ncident slit - This pSndpteS 
linHc f in . F, gnre.7 wherein the abscissa 
stands for die position Pl of the incident 

Position ^ A aDd - the ° rdinate for «■* 55 
position P2 of the detecting slit. The curves 

show m contour the intensity L under™ 
optimum condition when the resolving powe? 
of the analyzer is set at 1 X 10- 2 . When the 
position P2 of the detecting slit is negative 60 
this means that the position of the defecting 
sht is opposite to the incidence sht withres? 
pect to the axis. Namely, the focussSg poSt 
tecateS ? JnTfc ^ th£ dete ^ng sht is 
the *i fcar ? ed P artide s emitted from 65 

the incidence sht is positioned opposite to 
the incidence slit across the axis 

As will be apparent from Figure 7, in the 

uX th? 11 ^ 1 ty 5 e eneigy ^er u£d 
greater SL^Tt 0tder u foCUSsin S Condition, 70 
greater intensity L can be obtained bv locat 

SrreTpeW t°he P °axfs t0 ^ inC1 ' dent 

nr3 US 'i accordin g to the invention, a highly 75 
practical energy analyzer free of the prior art 
problems is realized. P 

a li?l erring ^° Figure 8 <»> there " schematic- 
lll^™ n the . st ™ ct «e of an energy analyzer 

c^.nH t , hlS '!J Vention wherein an outeJ 80 
Sff'^fS? 81 and an inn er cylin- 
drical electrode 82 with radius a and b res- 
pectively are disposed coaxial to each other 
forming therebetween a space to serve as an 
energy d.spersion field h. Apertures SU 85 
and 813 are disposed on the inner cylin- 
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drical electrode, through which apertures the 
charged particles to be analyzed pass. 

A voltage V p whose magnitude can be 
varied is applied between the outer electrode 

5 81 and the inner electrode 82. A cylindrical 
incidence slit is formed by an axial gap in 
the wall of a first cylindrical member 85 with 
a diameter 2ap x installed coaxial to said cylin- 
drical electrodes 81 and 82. A cylindrical 

10 detecting slit is formed by an axial gap in 
the wall of a second cylindrical member 87 
with a diameter 2ap 2 installed coaxial to said 
cylindrical electrodes 81 and 82. An angle- 
defining slit 86 is disposed in the neighbour- 

15 hood of the aperture 812 inside the inner 
cylindrical electrode 82. 

A focussing electrode 811 for introducing 
the charged particles from the detecting slit 
87 into a detector 88 is disposed inside the 

20 inner cylindrical electrode 82. The numeral 
814 denotes a sample member which is irradi- 
ated by ultraviolet rays, X-rays, gamma rays, 
corpuscular beam or similar rays whereby 
charged particles are produced. The detector 

25 88 comprises in combination a scintillator and 
a photoelectronic multiplier to be operable at 
a high sensitivity. 

This energy analyzer is operated in the 
following manner. The stream of charged 

30 particles emitted from the sample number 
814 by way of the incidence slit is led into 
the space between the cylindrical electrodes 
through the aperture 812 at an incidence angle 
0 O determined by the angle-defining slit 86. 

35 In the energy dispersion field 83 the charged 
particles are dispersed according to the magni- 
tudes of energy the individual charged par- 
ticles possess. Then the charged particles pass 
through the aperture 813, drawing a para- 

40 bolic curve on either side of the mean trajec- 
tory. The charged particles after the aperture 
813 cross the axis 84 of the electrodes 81 and 
82 and the members 85 and 87 and are con- 
verged at the detecting slit on the side thereof 

45 located diametrically opposite to the side of 
the incidence slit from which the particles 
emerged. 

The charged particles detected by the de- 
tecting slit are focussed by the focussing elec- 
50 trode 811 and thence introduced into the 
detector 88. . 

When the voltage V p applied between the 



inner and outer cylindrical electrodes 81 and 
82 is varied, only the charged particles having 
a specific energy cross the axis and reach 55 
the detector, which then detects such charged 
particles. By the output of the detector, there- 
fore, it becomes possible to measure the 
number of the charged particles and to obtain 
the energy spectrum. 60 

The incidence slit 85 is located distant from 
the axis 84 and the detecting slit also is 
distant from the axis 84 and detects across 
the axis 84 the charged particles emitted from 
the incidence slit 85. In this structure the posi- 65 
tions of the incidence slit and detecting slit 
can be expressed by p x and p 2 respectively, 
and the values rj of pi and p 2 can be suit- 
ably determined in the following ranges. 

0<p x <l 70 

-Kp 2 <0 

When, for example, p! = 0.55 and p 2 =0.55, 
the value of 77 is 1. Hence, as shown in 
Figure 4, the value of the incident angle 
d 0 and the value of the dispersion field strength 75 
Ko are: 

0 O =42.3° 
Ko=1.31 

Under this condition the aberration coeffi- 
cients Cor 3 , C72 and C*y 2 , and energy dis- 80 
persivity D are as follows. 

Or 3 =-15.5 

Cy 2 = -0.4 

Cay 2 = 2.0 

D= 5.6 85 

Table 1 shows the optimum values obtained 
by using these values. In the foregoing em- 
bodiment the incidence slit width 2S C and 
the detecting slit width 2cU are based on the 
length along the axis of the analyzer (Figure 90 
2). While in Table 1 these slit widths are 
indicated by So' and oV terms of length 
perpendicular to the standard trajectory. 



TABLE 1 

100 A So', do' oo(rad) 7o(rad) L 

1X10- 2 6.49 XlO 3 6.32 XlO- 2 1.85 XlO" 1 4.85a 2 XlO" 8 

1 X 10- 3 6.60 X 10- 4 2.83 X 10" 2 5.29 X 10' 2 6.42a 2 X 10~ 2 



In comparison with the data in Table 1, 
Table 2 shows those obtained in the con- 
105 ventional coaxial cylindrical type energy 
analyzer having the incidence slit and the 
detecting slit disposed on the axis 84. In this 
case, pi=p 2 = 0 arid, therefore ?;=1.0 as in 



the foregoing embodiment wherein the incid- 
ence slit and the detecting slit are not dis- 110 
posed on the axis 84. The values in Table 
2 are obtained under the same focussing 
condition as in the foregoing embodiment 
of the invention. 



A 

1 X io- 2 
l x 10 3 



TABLE 2 
„ e or 0 (rad) 
9.56X10- 7.67 XK)- 2 

9.56 X10< 3.56 X10-* 



L 

6.47a 2 X IO" 7 
2.75a 2 X IO" 10 



10 



15 



20 



25 



30 



35 



40 



45 



Based on the results of Tables 1 and 2 
the intensity of the conventional analyzer hi 
which the incidence slit and the detecting slit 
are disposed on the axis 84 is compared with 
that of the analyzer of this invention. The 
values shown in Tables 1 and 2 are obtained 
?°^ ndmo ° t ! lat ,* e ^solving powers A are 
lXlO; 2 , and 1X10- 3 respectively. When the 
resolving power A is 1 X IO' 2 , the intensity is 
greater by 7.5 times in the analyzer of this 
mvention than in the conventional analyzer. 
When the resolving power is 1 X IO -3 , the in- 
tensity is 23.3 times greater in the analyzer 
of this invention than in the conventional 
one. 

In the foregoing embodiment, the incidence 
slit and the detecting slit are disposed out- 
side the coaxis of the inner and outer cylin- 
drical electrodes. The invention is not limited 
to this embodiment. For example, only the 
detecting slit may be disposed on the axis, 
and the charged particles emitted from the in- 
cidence slit may be detected at the point 
where the charged particles cross the axis 
In this case, p 2 = 0, and the values of P 
and p 2 are suitably determined in the follow- 
ing ranges. 

0< Pl <l 

Figure 8(b) shows part of another embodi- 
m . ent c ° f . the invention wherein the detecting 
slit 87 is disposed on the axis 84, and the 
charged particles are focussed at the point 
where the charged particles cross the axis 84 
In Figure 8(b), the detecting slit portion is 
essentially illustrated in connection with the 
analyzer as in Figure 8(a), and the similar 
parts are not shown. 

An analyzer constructed according to any 
of the above preferred forms is capable of 
energy analyzing in a very short time, since 
the intensity of the beam is not reduced dur- 
ing the passage of the beam through the 
analyzer. ° 
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WHAT WE CLAIM IS: — 

1. An energy analyzer for analyzing the 
energy of charged particles including an outer 
cylindrical electrode, an inner cylindrical elec- 
trode coaxial with the outer electrode and 



haying a first aperture for admitting the par- 
ticles to the space between the electrodes from 55 
inside the inner electrode and a second aper- 
ture for re-admitting the particles to the in- 
side of the inner electrode from the space, 
means for applying a voltage between the 
inner and outer electrodes, whereby the par- 60 
ticks follow a curved path through the 
analyzer away from and then back towards 
the coaxis of the electrodes, a member hav- 
ing a cylindrical wall, said wall being coaxial 
with the electrodes and being provided with 65 
an incidence slit from which slit the particles 
emerge towards the first aperture, an angle- 
denning slit adjacent the first aperture adapted 
to adjust the trajectories of the charged par- 
ticles admitted to said space and a detecting 70 
slit axially spaced from the incidence slit 
through which slit the particles pass from the 
second aperture in order to reach a detec- 
tor. 

2. An energy analyzer according to claim 75 
1, wherein the detecting slit is cylindrical 
and coaxial with the electrodes, and the 
charged particles pass through the detecting 
slit before reaching the said coaxis, which 
axis the particles cross at a point of focus. 80 

3. An energy analyzer according to claim 
1, wherein the detecting slit is cylindrical 
and coaxial with the electrodes, and the 
charged particles cross the said coaxis be- 

£«in^ ng A e ****** s«t, and after 85 
passing through the detecting slit the particles 
are curved back towards and focussed on 
a a coax,s b y a focussing device. 

4. An energy analyzer according to claim 
1, wherein the detecting slit is an aperture 90 
on the said coaxis and the charged particles 
simultaneously pass through the detecting slit 
and cross the coaxis, and the particles are 
then curved back towards and focussed on the 
said coaxis by a focussing device. 95 

5. An energy analyzer substantially as here- 
in described with reference to and as illus- 

SK T lgUrC 2 ° r FigUre 8 < a ) or Fi S ure 
»(d; of the accompanying drawings. 

MEWBURN ELLIS & CO., 
Chartered Patent Agents, 
70 — 72 Chancery Lane, 
London W.C.2. 
Agents for the Applicants. 
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